Introduction: Maintaining spontaneous ventilation (SV) under total intravenous anesthesia (TIVA) without an endotracheal tube provides uninterrupted and unobstructed surgical access for suspension microlaryngoscopy (SML). This study describes the method and outcome of adults who underwent SML under tubeless TIVA-SV. Methods: Retrospective review of adults who underwent SML between June 2014 and September 2016 using TIVA-SV without an endotracheal tube. Results: Sixty-six cases in 36 patients were included with mean age of 50.6 years and 52.7% were female. Airway pathology included 41.6% subglottic or tracheal stenosis, 19.4% laryngeal lesion or mass, 16.7% glottic stenosis, 13.9% recurrent respiratory papilloma, and 8.3% supraglottic stenosis. Anesthesia was most commonly provided by continuous infusion of propofol and remifentanil (57.6%). Approximately half (53%) of cases received superior laryngeal nerve block. Average operative time was 72.9 minutes (range, 27-166 minutes). Eight cases required supplemental ventilation: 6 cases required transient endotracheal ventilation or mask ventilation, and 2 cases were converted to alternative ventilation. Conclusions: Total intravenous anesthesia is an attractive alternative to traditional endotracheal tube intubation, jet ventilation, or intermittent apneic ventilation for adult SML. During episodes of hypoventilation or desaturation, endotracheal ventilation, mask ventilation, or jet ventilation can effectively recover oxygenation.
Introduction
Suspension microlaryngoscopy (SML) is a fundamental laryngeal surgery performed under general anesthesia. Goals of anesthesia for SML include sufficient depth of anesthesia to tolerate rigid laryngoscope suspension and adequate oxygenation and ventilation. In addition, adequate surgical exposure, time, and plane of anesthesia must be maintained to allow for interventions such as palpation, biopsy, laser, excision, debridement, dilation, injection, and others.
There are several anesthetic techniques for SML, and each carries advantages and disadvantages. Traditionally, patients are paralyzed and transorally intubated, giving the anesthesiologist control of both the airway and ventilation. Endotracheal tube ventilation potentially obstructs the surgical site, especially in the posterior glottis or subglottis. There is increased risk of mechanical trauma and airway fire during laser surgery. Alternatively, tubeless anesthetic technique includes jet ventilation, apnea with intermittent tube ventilation, and spontaneous ventilation. Jet ventilation requires special equipment and is associated with complications, including barotrauma and blood or tissue being propelled distally. 1, 2 For apnea with intermittent ventilation, intermittent positive pressure ventilation is provided via endotracheal tube or mask ventilation, and surgery is performed during apneic period. This results in repeated airway manipulation, and operative time may be frequently interrupted or insufficient. 3 Spontaneous ventilation under total intravenous anesthesia (TIVA-SV) provides unobstructed surgical access. There is no risk of intubation trauma or barotrauma, and it does not require ancillary equipment such as a jet ventilator. There is no intermittent surgical interruption and is compatible with laser surgery. Careful titration of anesthetic agents is required to coordinate an appropriate depth of anesthesia to counter the stimulation of SML yet maintain spontaneous ventilation.
Spontaneous ventilation under total intravenous anesthesia has been commonly used as an anesthetic technique in pediatric laryngoscopy. [4] [5] [6] There are limited investigations looking at the safety and efficacy of TIVA-SV in laryngologic procedures in adults. [7] [8] [9] Spontaneous ventilation under total intravenous anesthesia can be technically challenging because the anesthesiologist must balance the depth of sedation required to permit SML while still maintaining adequate oxygenation and ventilation in adults. Propofol is a common agent used for TIVA-SV, and the therapeutic range of propofol for providing adequate anesthesia and that which results in apnea may overlap at higher dose ranges. The addition of an opioid can decrease the dose of propofol; however, careful titration is necessary to maintain spontaneous ventilation. 7 There are risks of patient reactivity, hypoventilation, apnea, hypoxia, and laryngospasm.
This study was undertaken to examine the method and outcome of adult patients who underwent SML under TIVA-SV. Our hypothesis is that TIVA-SV is a feasible anesthetic method for adult SML.
Methods
The Humans Subjects Division of the University of Washington approved this retrospective study. Medical records of all adults who underwent SML between June 2014 and September 2016 using TIVA-SV without an endotracheal tube were reviewed. As a retrospective study, there was no set inclusion and exclusion criteria for TIVA-SV. Demographic data, operative details, agents used for induction and maintenance of anesthesia, whether superior laryngeal nerve block was performed, and perioperative vital signs were recorded. Our main outcome was the occurrence of a composite of any of the following during the surgical case: hypoventilation, apnea, hypoxia defined as a pulse oximeter reading of <90% SpO 2 , or the need to supplement or change to an alternative anesthetic technique. All data are presented in descriptive format as number (%) or mean ± standard deviation unless otherwise noted. Means were compared with Student t test for unpaired samples.
Surgical Considerations
All cases were performed by a single attending otolaryngologist (T.K.M.) while anesthesia was provided by 15 different attending anesthesiologists. Patients were positioned supine with the head of the bed rotated 90° toward the otolaryngologist. Once a timeout procedure was performed to confirm the availability and setup of airway equipment, induction of anesthesia was commenced. After the patient became unconscious and the appropriate depth of anesthesia was agreed on by the surgical and anesthesia teams, the patient was draped for the surgical procedure. When a superior laryngeal nerve block was performed, the thyrohyoid membrane and greater cornu of the hyoid were first identified. Approximately 2 cc of 1% lidocaine to 1:100 000 epinephrine was injected to bilateral lateral thyrohyoid membrane, and 1 cc was injected into the pre-epiglottic space. Patients were preoperatively counseled of potential temporary dysphagia after superior laryngeal nerve block. All patients received 1 to 2 cc of topical 4% lidocaine sprayed onto the base of the tongue and a second aliquot of 1 to 2 cc of topical 4% lidocaine directly to the glottis. If tracheal manipulation was planned, a final aliquot of 1 to 2 cc of topical 4% lidocaine was applied into the trachea. The Lindholm laryngoscope was used in the majority of cases, but the Dedo laryngoscope was also used, and patients were suspended with a Lewy arm suspension bar.
Anesthetic Considerations
Anesthesia was induced by continuous intravenous administration of propofol until the patient was unconscious but still breathing spontaneously. Once the patient was unresponsive to a vigorous jaw thrust, the laryngoscope was introduced and placed in suspension. After glottic visualization was obtained, the vocal cords and trachea were topicalized with 4% lidocaine as described previously. Anesthesia was maintained by titration of a propofol infusion alone or in combination with fentanyl, remifentanil, dexmedetomidine, or ketamine as needed to maintain sufficient depth of anesthesia without rendering the patient apneic. Supplemental oxygen can be provided via nasal cannula or via the insufflation port of the laryngoscope as needed to maintain oxygen saturation by pulse oximetry ≥90%. At the conclusion of the procedure, the patient was taken out of suspension, and infusions were discontinued for emergence.
Results
Sixty-six adult SML cases were performed on 36 patients under TIVA-SV during the study period. Patients were 50.6 ± 12.9 years old and 52.7% were female. Body mass index (BMI) ranged from 19.2 to 45.9, with mean 28.8 ± 6.7 kg/m 2 . Twenty-one percent of cases were obese (BMI >30 kg/m 2 ). The American Society of Anesthesiologists (ASA) status classification was reviewed, and 91.7% of patients were ASA II or III physical status ( Table 1 ). The indication for surgery included 41.6% subglottic stenosis or tracheal stenosis, 19.4% laryngeal lesion or mass, 16.7% glottic stenosis, 13.9% recurrent respiratory papilloma, and 8.3% supraglottic stenosis. Interventions included injection, dilation, laser, biopsy, and cordotomy. Total operative time was 72.9 ± 33 minutes (range, 27-166 minutes) ( Table 2 ).
Anesthesia was most commonly (57.6%) provided by continuous infusion of propofol and remifentanil. Other adjunctive agents included midazolam, fentanyl, ketamine, and dexmedetomidine. Approximately half (53%) of patients received a superior laryngeal nerve block (Table 3) .
In 8 (12.1%) cases, supplemental or alternative anesthetic technique was required (Table 4) . Six cases (9.1%) required supplemental transient endotracheal ventilation or mask ventilation. Two cases (3.0%) required transition to alternative anesthetic technique, 1 case was transitioned to endotracheal intubation, and 1 case was transitioned to jet ventilation. The age, BMI, and surgical time of these 8 cases were not statistically different than the cases successfully completed with TIVA-SV alone: , and poor pulmonary compliance was noted. Anesthetic agents included propofol and remifentanil. Postoperatively, it was discovered that 2 days prior to surgery she had been swimming in a river and had developed a cough and chest tightness, which was resolving by the time of surgery. There was clinical suspicion that she had micro-aspirated river water, which had contributed to her difficulty with oxygenation at the time of surgery. She laser posterior cordotomy. Persistent laryngospasm with false vocal fold adduction in spite of topical lidocaine and a superior laryngeal nerve block were encountered. The decision was made to paralyze the patient, and the case was converted to trans tracheal jet ventilation via a Hunsaker jet ventilation tube. The operative case time was 111 minutes.
Discussion
Suspension microlaryngoscopy is a commonly performed procedure in which the surgeon and the anesthesiologist co-manage the patient's airway. Aptly termed the shared airway, effective communication between surgeon and anesthesiologist can result in safe surgical and anesthetic conditions for the patient despite challenging laryngotracheal disease processes.
The principle advantage of maintaining spontaneous ventilation throughout the case is unobstructed and uninterrupted access to the entire larynx, subglottis, and trachea (Figure1). Traditional endotracheal intubation may result in trauma or obstruction to the operative field, which may be particularly relevant when the area of interest is in the posterior glottis or subglottis. Furthermore, in extreme cases, endotracheal intubation may be incredibly difficult or impossible due to severe stenosis or obstruction.
There are other methods to provide adequate surgical conditions without placement of an endotracheal tube. The patient can be rendered apneic and intermittently ventilated using a facemask or endotracheal tube. Surgery proceeds during the periods of apnea. The pulse oximeter is monitored, and when it declines to a prespecified level, ventilation is provided until the patient is reoxygenated. This cycle can be repeated as needed until surgical completion. The utility of this technique is limited by the potential short and interrupted period in which the surgeon can operate. Patients with underlying cardiopulmonary disease or those prone to desaturate quickly are poor candidates. 1, 3 Repeated intubation can also increase the risk of laryngeal trauma and edema.
Jet ventilation can provide ventilatory support for a patient without the need for an endotracheal tube but generally requires paralysis. The jet ventilator provides a highpressure stream of air directed into the airway via a cannula for inspiration with passive exhalation. There is increased risk of barotrauma such as pneumothorax and subcutaneous emphysema. 1, 2 In addition, there is potential risk of blood or tissue being propelled and seeding the distal airway. Jet ventilation may not be available as an anesthetic adjunct at some institutions.
Spontaneous ventilation under total intravenous anesthesia is an attractive alternative to other anesthesia techniques for SML. There is unobstructed and continuous surgical access. There is reduced risk of mechanical trauma to airway lesions or stenosis from intubation and no risk of barotrauma. Finally, because there is no tube in the airway during a laser procedure, there is reduced risk of airway fire. Many of the "laser-safe" tubes available on the market today can cause significant intubation trauma and are quite difficult to work around because of their large diameter.
The main disadvantage of TIVA-SV is that it requires vigilant attention by anesthesiologist and otolaryngologist during the entire case. Although oxygen saturation can be easily monitored, precise end-tidal CO 2 may not be available to assess adequacy of ventilation. The surgical and anesthetic teams need to continuously evaluate the patient's respiratory rate and chest excursion to verify continued adequate ventilation. In this series, 3 (cases 1-3) complications of hypoventilation or apnea happened during induction. The anesthesiologist needs to be willing to patiently titrate anesthetic to balance depth of anesthesia, hemodynamic stability, and spontaneous respiration. Importantly, the surgeon needs to be willing to wait for this appropriate plane of anesthesia to be attained. One of the most common concerns encountered when discussing the anesthetic plan with the anesthesiologist preoperatively was the concern for laryngospasm or movement without paralysis. There was only 1 case in which an intraoperative decision was made to paralyze a patient for persistent poor exposure due to supraglottic hyperadduction (case 8), and this case was successfully transitioned to jet ventilation. In the senior surgeon's experience, this is an uncommon cause of failure or limitation of the TIVA-SV technique.
All patients received topical lidocaine to the base of tongue, glottis, and trachea in this series, and it is our opinion that providing topical mucosal anesthetic prior to significant stimulation is critical to the success of SML under TIVA-SV. Additional local anesthetic included a superior laryngeal nerve block. Risks include accidental intravenous injection and for shorter cases, transient dysphagia and globus sensation postoperatively. There were no complications related to superior laryngeal nerve block in this study. There were no criteria for selection of patients who received superior laryngeal block. Without randomization, there is inadequate data to know if superior laryngeal nerve block was indeed helpful. As the study period progressed, we trended toward more routine superior laryngeal block due to its technical simplicity, low risk, and successful SML under TIVA-SV. It is the anecdotal experience of the senior surgeon that the superior laryngeal nerve block must be administered before surgical stimulation (during induction) and that administering the block during a case after suspension microlaryngscopy has been initiated will not improve relaxation or relieve laryngospasm.
There was no set inclusion or exclusion criteria for TIVA-SV during SML. For SML cases using laser, benefitting from unobstructed access, or with severe obstruction, TIVA-SV was the preferred technique. Obesity or other comorbidities such as cardiopulmonary disease were not contraindications. The mean BMI was 28.8 ± 6.7 kg/m 2 , and 21% of cases were obese (BMI >30 kg/m 2 ). Of patients, 91.7% were ASA II or III physical status. Patients with preexisting or propensity for increased intrapulmonary shunt such as chronic obstructive pulmonary disease or obesity may have limited apnea time, and keeping them under spontaneous ventilation can be advantageous. Keeping the patient spontaneously ventilating can also be beneficial and provide margin of safety in sensitive or potentially tenuous airways that are difficult or impossible to intubate due to obstruction or stenosis.
Propofol and remifentanil were the most common anesthetic agents administered in this study. Propofol is an excellent induction agent that has rapid onset but causes respiratory depression. With slow propofol titration, spontaneous respiration is maintained, and airway reflexes are blunted. 10 Remifentanil is an opioid that has antitussive properties, obtunds airway reflexes, and has an extremely short duration of action. Although both of these agents can cause apnea, with proper titration, the delicate balance of anesthesia for SML with spontaneous ventilation can be achieved in most patients. 3, [7] [8] [9] Other adjunctive anesthetic agents were used in this series. Ketamine was used in 9 cases successfully. Ketamine causes little or no respiratory depression, maintains spontaneous ventilation, provides analgesia, does not cause hemodynamic instability, and has bronchodilating effects.
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Ketamine may also have some beneficial effects in postoperative pain control. Although this drug has been associated with hallucinations and emergence reactions, these effects were not seen in this series.
During episodes of hypoventilation, desaturation, or laryngospasm, there were multiple adjunct techniques implemented. This included endotracheal intubation, jet ventilation, or mask ventilation. Six cases used transient endotracheal intubation or mask ventilation for episodes of hypoventilation or desaturation. Thereafter, the remainder of each case was completed with TIVA-SV. Only 2 cases (3%) were converted to alternative ventilation with decision to administer paralytic. Spontaneous ventilation under total intravenous anesthesia can be trialed as the primary anesthetic technique without burning bridges for subsequent application of adjunct techniques. It is paramount to have secondary and tertiary plans to manage the airway in case of inadequate ventilation or oxygenation.
There is no standardized anesthetic protocol for TIVA-SV. In this report, a single attending otolaryngologist worked with 15 different attending anesthesiologists, which attests to the versatility of this technique. Anesthesia trainees were routinely in the room, accompanied by an attending anesthesiologist. It does not require special equipment and uses familiar anesthetic agents. The length of case varied from 27 to 166 minutes. Thus, extended surgery can be performed safely without interruption with TIVA-SV.
Recently, high flow nasal oxygen (HFNO) is gaining attention and popularity. Transnasal Humidified Rapid-Insufflation Ventilatory Exchange (THRIVE) has been shown to prolong apneic time. However, there is risk of hypercarbia and limited operative time when used apneic. 12 Spontaneous ventilation with HFNO supplementation would be another anesthetic technique to be explored in the future.
There are limitations innate to the retrospective nature of data collection. Our study is limited by lack of control data and sample size. A regimented prospective collection of data with a defined anesthetic protocol and patient selection would provide further insight into various anesthetic methods. Our study did not include routine measurement of CO2, and including these data in future study could help further understand safety of TIVA-SV. Our report is from a single center performed by single attending surgeon, and different outcomes may be expected in different settings. 
Conclusion
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